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(54) ORGANIC EL ELEMENT 

(57)Abstract: 

PURPOSE: To provide a high intensity EL element using an organic film 
laminated structure. 

CONSTITUTION: An EL element is formed of opposed first and second 
electrodes 6, 2 and a plurality of organic films 5, 4, 3 containing a light 
emitting layer interposed between the electrodes. The film 5 in contact 
with the electrode 6 is doped with doner impurities, and the film 3 in 
contact with the electrode 2 is doped with acceptor impurities. The third 

film 4 interposed between the film 5 and the film 3 is a light emitting 'ZZZZq^ZZZZZF 
layer, a material having a band gap narrower than that of the films 5, 3, is 



selected, and carrier is confined by the material. The film 4 of the light WW^^^^^ 
emitting layer is not doped with impurities. r ^0^^^0^T 
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1 

[I9*JSl] ffi»(6]-T-5S 1 (73«ffi*5<tUCS2<0«ffi 

WH-^sntsi wwsiisi. rnesR 2 wastes • 

[19*112] fg^stL-ccos 1 nmmmi:* ;«s 1 i<? 
cow&ig * ©m-cBB«#*»err* 7 * -t -f^vm 

cos 1 ©SrBBBKBB-SftfcB^ttABroB 1 co»ffi 
£. mEBB*©»2<0*BBBfc»BS*lfcIE?lttA 

[B#B3] .Ht-ttT«ft*«H-7$ntgl©^i 
f8#B£L-T<OlS2roW«B£co»B#£. flTEBBft 

cos 1 <r)^mmm\zB&2tifiinT&xmv>& 1 cobs a? 

fc. BEBB*©B2©*B«B»C»BSnfcIE?LttA 
fflcOS2C0ma<h, <b£*#8* <h:t3#B EL 

CBteMM] «»i*ir*wiftj:t;*2©*afc. b«je 
3Bi©««t*LT»ft6*ifcjiiio#««i£. be* 

oft , BK&B2offBBenR:. B l ©WBBicttLT 

Sl<B*r«««fcO;*:gHS3<D*r«B. *3J;U:S2coW 
BBK»L-T»»*SnTBB^»±B<DBBBffi#fc<B 50 
x* Ju*-Mri<Sg 2 cow«K«t 0 /h $ us 4 co^«Kco 
fcjgfftil B/WTXttBTBESBS. SH4C0 

ft. BEB2c&BBt;:MEBl0>BfiK:*tbTjE<BBffi 

6aiflnLfc£*ic*n2iB 1 4>bs*<s>beb 1 cowaisi 

(CB^A<, MEB2<BB«a»SBEB2 0)BBfflHcjE?l 

^hfttaASft. :nbif • ietico-3 ^B^a<flU 
ess 3 *5i # si 4 nmm&zft l-tbeb 2 <dw«ibii= 
h > * ;^A*nr Men 2 <nm®m(*n?&*:ni£'£-r 

Zfr. Sfc}iIE*U<lffiEB4:fcJ;tfS3<0*r«ffi£fl-L 40 
TBE8 1 ©BBBK h>*^aEA3ftTWEB 1 COW 

BBrtTfe*BB£-r*. cttititmiEL* 
tis*iS5] «*fiaiT*Bi*5<fctf£2c9Bffii. me 

BlOBffllcBLTttltSftfcBlOBBBtfc. BCB 

2cosjs»c«UTUtten/iS2cow«i)a<i:. mebi 
2 <o**KronBlc»»t'5n, £bbthk& 

BBBttA* 6 OX**^-*jW«BJI 1 coW&SIck 0 * 
B/W7Xtt»TBEB2 0>fr«R£©mTBB 
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2 

fS±S©S2ipfiA>b cox*.;u^-s*^ESB 2 co* 
«H£Q/h3<. *^<7X«ST«l|ESlfl)t«l8t 
araTB»B»B*A»6fc*BB2:BB*»6fcT*»3 

cow«ia<!:*<iA. bess 2 (dbbkbeb ioiic 

»LTIE©Bffi*Bl»L.fc£*K:.. BESS 1 GDBffijfc ft 

s i a*BKcB?at. bgb2 4>bs*6B2 0!>b« 

5BWBEB 3 CO*flDS«:^LTSJJES 2 COWBBIC 
h >*MASnTlWES 2 COW®KrtTlB7tS^^-r 
a*. *fcttiE?ia<BEB3<0*BK*fl-LTMEBl 

cowbbk h >*jpax$nT#iEi i cowaisrtTie 

JfcWIiB*-*. C<h£4#afc<!:-r*WBEL3il^. 
[^^COPiHBTilft^] 
[fg^coitt] 
[0 0 0 1] 

[M8i±cofiJffl#fF] *«&B«Btr*ttll 
BcoB£fctt«c«fcOi«»Bcofeft£pTB.l:bfc. WttlE 
[0 0 0 2] 

[ftsfccoaffij ifi*. BBB^BBB^B&LTBbx 
&ft*WBEL*^<0WftHf8a«BA/lCfTfcftT^-5. 

/#u ft7i >/am«i8t^«M 2 bb&o 

ELS^-Sr^^L/Tt^ (J. J. Appl. Phys. 25. L77 
3,1986). BBBOBBjWI m ■ «±*-0. 

BJJoBEEfc 1 0 0 V£^g^. $fc v ^y^ftcOC. 
W. Tailgate. Mg • Ag /Alq3 /i?7S >/ I TO 
£Vi3BBB2B«St©ELB^*BBLTH-5 (App 
I. Phys. Lett.. 51, p913. 1987) . CCO^^JCin 
•tf. WBKcOKBSr 1 0 OnnWTtCT-S^drJCfctjT, 
EPflnBJE 1 0 V«TTBftL-TBB±+#'fcB«**-r 
EL3f?^##<E>nTt< rnecOELJS^F-H. 
Att«ttftB£m?iaAtt«ttftBfc£fiSfa-irCB« 

<n:t. a^etAffliico^sagtLTtt^psco/jN 

St»*f»*B*Ct, XffiBB£ttfriM:BB£lcJ:-3T 
*BR*»BT*»K:BBW*ttJ&*»±L-ttuJ:5fcB 

«*¥0>»B«BttBlC. B^ttA»/»ttfl/IE?Li£ 
AB£H3WB3BBB»^*:«BL-TH*. CCOWifi 
T!i.. *5tBlC»^7* hAS*t>X6Stft*ea 

(J. J. Appl. Phys., 27. L269. 1988) „ 

[0003] -ecoffernsTir. sacow«Kcom^-t) 
*lC**BJtBTBB. m@coW«S!TfeoTfc, BJt 
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. [0004] waELswi. mmmz^x\tmt 

7* a -t t. If tt £ ft £ fc'&iffW mmMW* 
a3t«s*tt3R«-ciiA<r i x. a*ro. ixg& 

[0 0 0 5] *«EL*^IC*itt***««ttii#*n 

71213& A/gat*. Lfca«^TWtt«£«&«sffia>e> 

ft*R©«««0ttt*#C*tv. Tang l?tf>3S 

^ Tl£. 1 0 V©^1 JPiET 1 0 ~ 1 0 OmA/ca ! tf> 
SSS^oEnTU^. 3(55i#^«^CD|gtri'(il 0 J ~1 
0 3 Q/cm' taiCSIIJO. 2(1.^5 

^SSKCOSfit^as X10' ~ 1 0' Q • cmt# 

[0 0 0 6] &®EL%?<7)&yty s m$ : &it)2,} t it )l z 

izmLxit, (ie?l) isaitt. tf oe?i) 

[0 0 0 7] 

[0 008] *^©iwit &&o*r«J8i<7)«ji*Sii 

±0. *»*<&»#S-Itt£Ofc*«ELJrP*«tt-r 
•£>C £!;:£> -5. 

[289! 

[0 0 0 9] 
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* # ^ £ ffl l > T S5 2& « <*> E L ?*^«ig $ }f3g-r * . 
-tfc*D5*fl9ll;:fii-5EL3K^»i. 11^^2 0)9 

[0 0 10] *SE^co|glWEL3!t^«. co&fcg*: 

73ft-5. ^Fffi^ssfi. i o"~i o ! vcii j , ifi 
L<ta. io"-io'Vci' t-r-s. **e&is«a<;i 
ftiossut. *immzi$^xmtzi3.ft¥<&iRt>mtix 

iS5ttfi7!>W«tfcft. T*«#fjaS^c:n < J:Deu«ii#«)H 

[0 0 11] miOELjSt^Wi&Lfc&ftfciOAfc 
^ WJCK^-rntf. ^C73iiOT»S. m. Scorns?) 

ttifKa^r-e-n-enE*,. E.itu sn Hamsun 
-m mTzn&mzmmmu'oi'tvzzs) . 7i^s 

<r> 3L*jv¥-m (ziTztizmzmm-mwoi, 

t&&) SftlfnEf, E. fc^tfEn iL. ^2(0 
HS{WICS-5»2roW«|«we^U'^;u, u 



50 EuiLti:^?, 

En-EcigO. 5 [eV] -(l) 

E»:-E« 2 ^0. 5 [eV] ' -(2) 

Eti>Ec: -.(3) 

Evi>E.s ••■(4) 

Eca>Ec; -..(5) 

Evi>E«3 ...(6) 



zmtzT^oiz. wwi^sns. $e.icsf*u< 
a. e,.<e. . E: <E.2i-r5. 

-* It tLT.- 

Ir -Ec.^1 [eV] -(7) 

Ir -Eci^O. 5 [eV] -(8) 
tTZ. Z^mm^-yiZ^O. SlWt»KW7i 
JU5U^;UEi liG^^U-^JPEci ICiStt<7>t. (1) ~ 
(6) ^OK^Ii^:*5iS/tSnTUS. SB2WW«8KICK 

J<7 Etj-E« ^1 [eV] -O) 



—437— 



(4) 
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E.j-E. gO. 5 [e V] -(10) 

;u=u-^;UE: \tmm^u^.)iE^.iz&n<t)^ (1) 
~(6) sCOTBg»i±^*3«/t$nT^-5. 

[0 0 12) *^W»2, m3<OEL3it^ti, ±5EU 
TiS^SIxiKfcHT. S : F*5cttfIE7U::*ttTI»IS&£- 
*«SfcT*SII 1 <OW«IS<!:» 2 <B*T«B«0:2SfRS*jI 

c £&^m i <aw&iswcss:tte>n£' 

?fi^) . &2<D&mmi:&xsfrz>®&\zte&i row 

«■£ K*— tt©^W<h'-^n5 (31 3 ©E LSI 
. f L.TS1. 812 roaffiIBltC^2 «73maHffl^IE<i: 
7X£-§-x.7t<t:£. mi<0«®^f,mi<75W« 

^»caA5n^«^r*5«ttxm 2 0ti^6i 2 <n&mm 
neotasnfctf, .jeil\*. a*-t TxajE^Brgfit 

>*;U&A3n. Jg2. H3cDELa5 

mi WELJR^(D^^t|il«tC. 

En-Eti^O. 5 [eV] -(11) 

E»i-Ei:^0. 5 [eV] —(12) 

Eti>Ec2 —(13) 

E»i>E»i —(14) 
SrSSfcU 2<HZft£L<\t 

E,,<E, -(15) 

Es <E.j —(16) 

Eci - Ec; <E»t - E»s —(17) 

Ec 1 -Ec2>E»i-E»2 —(18) 
[0 0 13] *9»fcT*m*<»»l-5. S2cOW«KtC 

(7)~ (10) &«fcr«kpicr-5. 

[0 0 14] &£*IH!tC£fr*T. WWIRIC K-^T* 

£«. #±£7c£. Al . Ag . Cu . In 

ft. NH3 . 7rU>S, 7lZU>y'75>g. 

eWifc*. ifcZdHr^tt^FMtt&LTSi. Au . P 
t . W. Ir . POCli . As F* . CI . Br . II? 

mmmwm. tcnq. tcnqf, . z^^-iv. 7 

n-T-Jl. DDQ, TNF, DNF. TCNE, HCN 



[0 0 15] **89la>3S4, mSWELSI^H. *§#f6] 

-r-sa^-aAffl^m 1 wmffi<»:iETLfiEAfflrom2 oaa 

SiroSSiJcSLTmiromS^ea^-A^A 
Sn«tl>I 1 Jg 2 <7>t&mz&LT& 2 0)3 

a** «=.iE?i^ttA$n^-rt^ 2 oDWflSKA^tt e> n. 

$<=>IC^n<=,3S 1. S2WW«IHroB!llC, «/t-f7X« 
S 1 Oft^mvB^mmm (0. 5~5nm 

ss) m<t*-ittin5. znm^mm* 

10 0. 5 — 5nnfr5(0li, 0. 5nm*ii9cDW8liacD6£lg 
t'J7S r->^^ffiAT5c:t^SStC^-5A^T 

^•5. m, m2rowfiasfi. mseromi. 12, as 3 

•5. m2W«SICSl(75«g(C^LTiE<7)Stt7»t91iJP$ 

T« i*J:tfS 2 WWSHI: h>^^ttASnt. Si 

a? [0 0 16] 14, S5©ELSf©M^iDIftW 
iZtH^ttHi. S2. SSCOELSI^^&tlsHttC. 
JibSjS (1 1) ~ (14) <D&frZffiK.L, SSKJffi 

Ki«(i5), (i6) zmtz-rttfttfmnnz. 

Eci<Ecj -(19) 
Em<Evi —(20) 

30 [0017] &mtz-tmmme>'j>u< tb-jj-c&z. 
*-UT5t (19) zmtzmmmtmAstztgitztit 
m2o>mmm£or<s\-e. sc (20 £«§*:-rw&isi£& 
A/fc't^fi^ntm 1 8 si to pa t. ifcic (1 
9) *attt«itjt; (20) *ffiff?^mm<nm?i 

[0 0 18] 

[f^ffl] =e©^r«js«it*j#o*»wrosiroELSi 

T. Ml. SR2 0«3miCHr&0A'r7;ie3I£oL&& 
*. JBl. » 2 3 AS ft* 

*t'J7lt *3©W*«rtCBHi;ii»6n*. C<7>* 
t'J7Hi;a*i:J:-3T. IB*»l*JTJ»2|50ftt»583Cf| 

«^«<£i;«. mi. »2fl)tiBi«n*h. 

&T&*. 

[0 0 19] ftffcWlcm 1 0>EL*^£JaHT±i!GLfc 

50 ftfrsc£»fcT*msa«-rfttf. an i«> 
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$ni^t^O (ft#5£(l) ) . S2Qfgi:I2 
ro*«KORfl[im 2 ©«ii> £1 2 0)*r«IKlCiE7L*<tt 
A2ft%^&££tjiZ (&#5£(2) ) . Ufc^Tl 
1. 12<7)Sffirfl(Cl2 roaffiffiWJEtfc-SA-f T7.fi 

ttA3*l, »2«mffi*»'E.m2ro^«)SJCiE?L75tttA3 
tl*. -eUT&#j£(3) lCcfc^Tl2cD*F«l8llill© 

o-ri i o&mmtm 2 n^mmA^niEinznLTm 
tia^ ^<*^<5) (6) \z£-?Tm3<n&mmizn 

[0 0 2 01 *3?B^Om2. S3, 14, 15<75EL3S 

^Ttt. ±»Lfcftfr£*irr*m*a*iT*;i.fcK:j: 

3Bl©#«8Hc«-^3&fffiA*nBt»»*tJ&:0 (ftfrSt. 
(ID) . SB2W*ffiiai2CDW«K(75rafiS2ro«ffi^ 
6JB2«)*«BlCiEa*<axsn*»l»»*ta:« (ft 

a. si©w«iK^6m2w*«)S{CEiitncfc^tr-5ft 

^CttTSWHaWMesti (ft*£<i3)) . 12WW8 
l©*«HIC«ftJ:5£TSjE*lC»LTI*H 

C0 0 2 1] Lfc*t-3Ti«)EL*ffl)»l, 12CO$ 

##®. sfcttjBi. m2<Dftmmizm£.t\ttmm* 
izwm2tiTn%zi&mzMfcTz. /W7xtE*«» 

K«**«K>*;l>fiEAan. » 2 <D*«W*<l83tST* 
s^S-icfic wi 2 ijEft**He*t, 

t. *2(OW«R^SSBi«)*««CiEfl.A«h>*;Uffi 
AStl. *l<B*«flWt»#fl-C*3*&»Ctt, SB 105 

[0 0 2 2] *££*R9I«5}B 2. SB30EL*?T 

tt. SSicS-r-5.il, I2mwiiff)'>4<,tt ) -j 

8*«ft4Sh5. zniCiO. tt'J TfctAlf ii LTflfil 
(0 0 2 31.*fc4c»Wro*4. 15tf>EL5&^T(i. 
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[0 0 2 4] 

[&K0U ant si o*itffla>*«iE LX^offs 
T-5<to«c. asits, n&&m&®\z±-oTmx.m 

10 JfcBfcLTWsn*. ±8ScOliro*a (Ml) 6£TgB 
®*2'»tl (M2 ) 2WIWIIC. =JB<D*flKR*<i*S*l 
T«r»fi. -r^*D^ll<7>«ffi6(C»LTll<OW«IS 
(Ol ) 5#RttS*l. l2»«ffi2tcSLT12(OW 

mk (02 ) 3*»mtt6n. cftsjm. i2to«ffisi 

5. 3 ©WlCj|3e*t**Ml3 OWfiSR (03) 4tftt 
*nTt»*. *2©*S2ttcoSlltWTW:*r5*aS« 
HC»«$ntiTO*caMlT»5. COEL* 

[ 0 0 2 5 ] H 2 II COE L«f*i«ti#li»f 

(Ol ) 5 <£>e^?}f U^;U£Eci. 71^5 1/^^E 
1 . Hftl/tMEniL, 12WW«R (02 ) 

3oeiSf i/^jEes, 71^5 woi&Et . mm 

ff U^;^Enil, 13<75^fi|)g (03 ) 6CD£3? 

*tEnti,fttt. Has©* -sc. 

Ec3>Eci>Ecs 

t»l >E»2>Ev3 

[0 0 2 6] fc**m***tfnTH*. ll<0*r«R 
30 (Ol). 5tt. K*- S*Sbg 

TV>*. !2©t«SI (02 ) 3 &T>7-t7i> 

2 «)?M«lfta. 10"~10" 

/cm J Jfcll0«ffi (Ml ) 6f±, ft^HSt 

E.i-Eci^0. 5 [eV] 

a (xM2 ) 2tt. tt*HSE, 3 *<, 
Et:-E«j^0. 5 [eV] 

zmtzr. 0^01 2coftS2«. 1 2 n^rnm 3 c# 

[0 0 2 7] 03(a) (b) SffltiTZQftlSftOEL* 
^Oftffs 0 3(a) }i. C COHJI^ijW E L iff 

^OJ&tO^xJUS ST*. L£#-pT02K: 

50 0*/Mffle%*»6,. 0 3(a) C*TJ:3IC. lloaffi6 
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« w«k 3 »ciE?L^ttA $ n-^-r v^^-^Bg $ n -5. 

•E-LTmiODW«IS5<!:m2<73W«SI3WfBHCli. :tl 
fcWefctfr-S. c<ot*g|-m. Si<o*r«lB5i5«fctfai 

[0028] a 3(b) it, zonmwoELm^z&u 

T. m2W«ffi2fC. Ml 1 <0S1S6 IC2tLTIECO<&-5A* 

s i w 5 *^ €. m 3 co#«K 4 tc a s n. 

SI 2 (0 W«K 3^6S3©WIH4l: ttlETL *><i£A $ tl 

Bfl&J&en-S. £COS3co^&lK4rtK:B!&ii>e>n£:m 

•5. 31 I43cttf3§2 (OWIR5, 3 ti& 3 <0*T«lg 4 IC 
tt^TA*> H=¥*y SI 3 CD*T«K 4 T 

fSLfcftteSil 1. 12^115. 3Tfl©©Sn-5C 

[0 0 2 91 *>u mi<n#mmsiz±m<D£otzT&. 
i <ow«sisi 5 ica^aA-r e.»-ec.ic« 

A$n/i«^£-5-(DW«ISI5F*l£#Sj£-t*£lct>. 
SEESr&Stf*. |5|«ltCS2(73^«^3fC±iE<D e kp 

A^m2^mm3izmm&x-r^ftit)iz\t. Ev 2 - 

*Stt5. droHJgffl-m. SB 1 <Z>*T«IB 5 . 3I2<7) 

[0030J z\<Dnmmv>ELm : ?iz*niz>£ott&m 

[0 0 3 1] 02 1 (C^-Ti^tC. Slfg4 i/->u 
n>4 2/->'Jzi>SgfkK4 3/W&SSI4 4/^81% 
4 5 75»e^:5 5R^$:^r5. C <7)%?lZ® 2 2 IC^T 

I =C • d V/d t 

[0 0 3 2] TSSnS. 0 2 1 (D^iZH^T^mm 

JR^TS'S. da?MOS3R : PW$aiiv''Jn>Ssft:K4 
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4 4&$>Z®<£\Z\t. tiI4 4ff)7i^$l/^i:^ 

« © m 4 s co tt m m s. <r> * >\ % n & i c <t ? t * <r> <t ? & & 

(a) i«ti4 5(Ott*K»<!:W«8JS4 4W7i^$ 
[0 0 3 3] CcOli^, ^JS«S4 5 <hW«K4 4<Oft 

ft*. Ufc7i<oTW«IS4 4Kt$giti#<h*fc1±*fcJ&. 

10 a«C0MOSl!l : F-<D-en«fc0/h$V^— ^®S:^T. b/t 
»^T. 02 2<D£z>t3: = fl i &nE.$:%¥lzmijal,fz£ 

tc i&E tc i e r- je <o g (a a o&<a $ ^r. 

(b) &R««4 5rott¥H»afiff«ffll4 40D7x;U5 

[0 0 3 4] ^1114 5tWfiS)K4 4C0S 

^1184 5)i^tSll4 4i:»LttWttA 

SffSr^^lCBISDL/ti:^. &Jg«1i 4 5 <B5#A (CftS 

a? i:&s«ffi4 5 a>e>*r&JB4 4tca^*5&A;*n. ceo 
^A$n^m^fi*^4 4 iKfbSM 3 ro^istcs* 

tft5,Lft^T. 0 2 4 KtSTJ: 5 SftmSSte 

te&S«ffi4 5 ICSitn^O, 2E(4«SitttW«)BI4 4«t« 

(c) &««ffi4 5 0tt¥B3ft*tW«Sl4 4ct)7ji;P5 

30 [0 0 3 5] C©*^ &JgSffi4 5tWt8^4 4 COS 
□ ti. &5l«ffi4 5A^WSI4 4tc5c+LTIE5L^aA 

$n^>rt^^Sr«6g-r-5. ^^^-5x122 2(o=&i& 

<t^S«S4 5 d^f«K4 4lClE?L^aA$n, CcO 
aA$n^IE7L{i*-fiSI«4 4 <hSft)S4 3(OI!iStzSfS 
$n*. CcO«SgTii«^a«SEft:^4 3T^S-5iiS 

^cou^ji,^-ci§jpr^. eniio€EE^«as4 5{w*< 
Tcoa:(4afii»issr?TV^ ^-n*i0 2 3-02 sco^-r 

niC^^^MCcfc^T, iISS4 5 <h»«l)R4 A<DfS\(D 

[0 0 3 6] «±(i. ^SSaiWWUcoWcora^T^ 
■5>rt<. *i:0 2 1 co*^t«iiir*3tt5. : S'fi8M4 4cogS» 
SSI. S2<0^«!S<Ofl|@Mig<!:LT|SH$co^&affi 

50 tiZ>. 
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lo o 3 7] mx.ii. 0 2 1 ©*T«ac*i-vT. *« 

Sl«t«S4 41 . -E-WT^|g2©W«04 4 2 T£ 
^L-T&«affi4 5^SISl(a:fr«JB!4 41 

dsnTv^t-rntf. 3 i ©*r«jgi4 4i icttA^n^ 

S^te£S>ICSS2©W8||g4 42 tTttASftTHi* 
CniC.tO. ^2<75*«K4 42 «-€-©e^« 
U^^^m 1 OW«Sg4 41 cD-5-nj;0fi^c:«»:*J^di 

^t£Z>\i. SI2WW8ilg4 4 2 «e®«U^;i/^l <o 
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1 ©S&^CiJUT. 

Sl©*«SS : 
[0 0 3 8] 

' [fci] 



if 



NC 



EtOOC 



C = CH 





3l2roW«l8l3 
[0 0 3 9] 
Cfb2] 



N COOEt 



S3©tIS4 : 
(0 0 4 0] 



* Ut3] 



^ 6 ^CH, 



CH 3 



CHa 



352co«&2 : I TOS 
[0 0 4 1] tm^fz. *l(Z)*«R5lCtt^>fi*tL 

D ?-**- -tn-em o"-i o"/cm3 ©is-cK 

[0 0 4 2] C©tt»**tH2«)ftft*»rctfi. 3fe 

^7XiS±i;$f, K£#si£ 05££-lO-'To 
rr) £±0*2©W«1|3*2 0~1 OOMJBfigU ft 
^TPJ£<3*2#«ii»C«fc-3TS3<&*«8t4. |g 1£75 
Wfi3l8 5 2 0-1 0 0 nmrofl?Bg U STICKS 

.1SSj£JZcfc-5Tx;Ut*^A^S-2 0- 1 0 0 nmfl5/i£-r 



CH3 

[0 0 4 3] »6nfc*^KITO«S*tiE»=nc*A-f 

7x$enjo-r^i. 5 vts 1 2mAott8Eft<sEn. a 
m<m 1000 cd/m« s n't. 

[0 0 4 4] H4ttfO-3fl)EL*f«)&Ifl)»fr||l| 
©/t>HH*H2lC»«>i-ttTjSL/tt»«)T**. 02 

IS 3 tm 3 W^ffilB 4 ODPJT. 
Ev: — En 

fc**fr£»U SllOfl-«|IK5t|g3W*«IH4ro« 
T. 

Ec>E CJ 
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[0 0 4 5] 0 5(a) (b) \t wWHJSfiajWW «E Ljfc^f 
cOftf^K^HTfe*. 0 5(a) »i&¥SgtK*g0>A> K0 

®7r;<r>&? izzonmwvit. mi cassis 
a« 5^(7Da^o5csnfc»UT. 

AEc = Ec i — Ecj 
AEi = E» i — E» j 

[0 0 4 6] CroH^0tJ<DEL5S^tCj@A''fTXSrgJAn 
U;t#gW0 5 (b)Tifc<5. SB 1 cDW&BI 5 ©S^-IJ, 
Sfl3<73*flSlg4 tcORSlOPiS^aJlcSft^n. 
W«)S3(DIE7Llim3 05W®)S4$-Cg5nT. ilfflt 

assstroraroraiiigs-SBfcSfaan*. ;utii 

0>«-filK 5 t SB 3 OT*r«JSI 4 <B|Bl<75«£gSK#«a n*: 

*tU7it a^-as^^BKi-s. coast- aero 
mwtGm&xtDftTNimM (~mm) it 

atLTCdtcH 10' V/cm8gJ£l±<Z>;*:#^«# 
rom^HM3<D#«l84ICh>*./l,£A£n. SI3 0D*r 

TJ:3fC. M2(D^«)S3«i:^3W*«IS4c75P 0 Te. 
Eci ~Ecj 
Efj<E»j 

[0 0 4 7] 07(a) (b) f±C(D||JS0iJ<75W«E LjRT 
cOftf^Si^0Tfe-5. 07(a) HI»3P*«!iTOA>|4 
HT*«. 07K«)«k5CC«)^fi»JTtt, Sg 2 (£>1§r&lg| 
3i:3B3(Oir«8!4©mT. 13(Dtt!I4*>eS2<0 
*ttK 3 ^©jE?Lro*nK:atf LTBS 
A E« =E»3-Ev: 

4 frbSi 2 Wff&lg 3 'SCDS^ cofisnic^-r^Rig 
A Ec =Ecj — Ecs 

[0 0 4 8] CJfeS&'hSlt. Ccomg^jOE 
ICW/W7XSHlflOLfctt»a«. 0 7(b) Tfc-S.'SBl 
CDWfiSBI 5A^g3 <7)Wfi*EI 4 iCffiASn^a^P ttSS 2 

ttflt3 0jE?Ltt. S3©fiS4 &a>moMtB!£$ffK: 
ffSSns. C^LTS2^M3iS30tSI4 
0>IBI©«£tt£»«snfc*r 'J 751 
f£TS. • -tLTA-f 7X«EEa«**«*«;St*£. SH2 
3 PWiERim 3 Ofii4 IC h >*)Pj£A£ 

n. S3ow«iS4rtT»7ts^^T^. cnewjijs 
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W(CJ;oTt>, SB3<p*«|BIK:tt**«)*r l J7A«Bi; 

#«8iHa«i3firoEL3R^T*ofc. sirens- s« 

jg<D E L *?OjlttttttX160iieift9i-r.6. 

[0049] 0 8i*. Gftm=.mmmv>mmm<7>ELm 

IS (Ml ) 15. (Ol ) 14. S2«W 

«r (02 ) i 3&zzfm2<nmm (M2 ) niao 
«*snTv»*. I2ff)tg2ii comtM-e^^f? 
io xsfii liziEKsnfciTo^smm^T. 

ftligffil 1 08 tl 5. LTft&^J 
[0 0 5 01 0 9 tt. C©*«W©EL*?-**rtT3 

ftJB*<-t-n-6nffiaufc«J8T<oA>H0-&*-r. 

Ttt. MlWtiKl 4#TtMfe*«F-7 r *nfc<r»»3fc 
■T*oT. *2©*Iill3l:7*t^tt'F««l*« 

SMfrU"<)W£Eci. 7i;i/SU^MEi . ffitt^Sfu 
iO ^)U£E».. »2ro*«R3 0>e*#U'^;l.*Et 1 . 7 

£. 0?nCD«fc-5JC, Eri>E» 2 . Eci>Ec:^-5«^7i< 
atftlTl**. fSftBTifeSSSl tf>*T«®ll 4tt. 7i 

^^u^JVEi *<«»l*erostSf*tr*4. ^2 row 

«« 1 3 ICH m^afC^E* aftt 
E» t -E» gl [eV] 

[0 0 5 1] T&SJ^ftT^^ttTOBtttf. Sft 
lfl'Vti 1 tft*J:5t:H-^SnTl»4. dtlt;=k 
0. * 2 (D^mm 1 3 07jc;US U^;UEi ttffi«^?ff 

H3I1 iE?L*tiaesnfctt» 

iirotil 511 ttVH&Euftt. E«i-E 
ci£0. 5 [eV] fc-5&fr£SS£LTi30, 
««1 4lC»UT«T*i£AL^T^B«IC»ttnTI>» 
I2(Dfgl 2tt. tt*H&E.j*«. Ev:-E.;g 
0. 5 [eV] ft-Sfc^fciSSLTiiO. $2i7)fi9l 
1 3C#UTiE?L*aAL^T^B»K:BU:nTl**. 
[0 0 5 2] 0 1 OH unb«§im$nfcEL 

40 fro7if$L"^;W<-§f5. U^75<oT0 9tC7nr 

01 0 ICtk-TcI; 5 »c. jftiattSl 5 
4<7DfBlfi^l<75«®l 5!i>e«»Al 

«t^»*a«»*3n5. I20tai2ts2rowa 

mi 3cDra«»2roa@l 2*»eiE?L*»aAL^>Tt»* 

**»»asn*. siotiKi4^2«)t«ii 3 

e«*»CAEc =Ec. -Ecs&*l»Ba*»fi£ 

an. ffiS^iciiAE. =E..-E.»ft*Bg« 
an*. cn^cog^tflBa^owatcii. 

50 AE» <AEc 
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co o 5 3] coxjtfloft%*?aiMFfl(&e. 0 i 

Ka) (b) «rfflUTS4^r*. 01 1(a) 14. SB 1 05® 
gl 5 lZ#LTm2(Oqm l 2ICIEWA--1' TXflBEVl 

«ff<75±S5^Ji. IfiSttrom 1 1 4£*#S. 

L^*toTm 1 CO«gl 5^<=,f4SB 1 ©*T«K 1 4 ICS 

7U4. SRI. S2WWSK13, 1 4co»g^^-^®ic 

cnicio, sb i n^rnm 1 4 tss 2 a>*r&®i 
1 3 wifEicmst-s/i^ffcsns. ana) tc^ 

St. ««xfiB£ffi?6ST*«?% IE?ltf>-5 5, IE?l*< 
5fclCSB2(D#«Jgl 3*>6>SfllcD*l8jgi 4(C K>*;l, 

KJdfIl>^6T*5. Sf? 2 cD*rfi£|g 1 3*»6SB1WW 
®S 1 4tCffiA$nfeIE7L«. SB 1 <D^8||g 1 4 f*?T# 
»*t'J7TJbSt?iS^l /> dtllCcfc 0S8 1 coj$ 

sai wn^^ens. 

[0054] 0 12 14. 08 Ofcigfcfc^T. SB 1 CD*T 
*Bt 1 4 C [4 K t£TOE*£ K - 7 U SB 2 «*r«JSI 
1 3f4**6&£K-7L£t,>£ftStL£:fl;S£0i]<Z>EL 
«fi;oisT, S-JS<73ft£-m}£>A'> K0£0 9 

Ec« - Ec: <E»i - Eys 

ttzmmzffifiiT&oizmizftT^z. SBiro^-fla^i 

If - Eci £ 1 [e V] 

[0 0 5 5] T£SJ:5;Sc P1— teTHe8jrt<. i§«10 
"/cm 1 ift«i5l:H-^«Tl>S. ^n(C<fcOSB 
10>W«^14f4. 7x^5l/^El ^£^1/^1, 
Ec. lCffl<fc-3TU-5.. ££±O3t;&g0iJtPJf3IIC. Ml 
WSffi 1 5 »4SB 1 l 4 iCttL-TS^SA 

r < . SB 2 WSg l 2 ttSB 2 l 3 (CiE?L$:aA 

l n m m \z m «nt i> -5 . 

[0 0 5 6] 0 1 3(a) (b) Sffl^TIC^MWEL 
*^©»#ftf**IMiTS. SB2£D«S1 2*<SBl (Of 
Si 5 C»LTIE£ftS/X-f T^SJEVl £i?-*_-5t. 
CW^(Jsjw«&(jm2C0^)Sl 3^im<4T^-Sfe 
0 1 3(a) K7rr=fc5lc. -eoiiiiA, t'ttSB 2 <7>*r 
ttRl 3t*»d»«. SB2WSffii 2;5>6SB2£>*r«Jg l 
3IC&A3n£IE7lf4. SBKDW&BSl 4t©|!$!S#S 

a*Tiitfti*. cnicko. mi cotiigi 4 iSB2 
1 3 oiB]i=«a-a«*t»«*na. sb i 

ttflt 1 4 WS^f 14^14 0S2 V>G®m 1 3 t ^psa^s 
izmtbztiz. 9iin«ffi*«**u#ii(itajtT. V2 
013(b) ICSTi^c. SBlco*r«lKl4 

fLT. SB 2 0>W«H 1 3 rtTfSftP? &£< L 
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m l rotffi 1 5 : x;Uf>AW 
SB 1 OffttH 1 4 : 

[0 0 5 7] 

Hfc4] 



NC 



CN 



if SB 2 row«K 1 3 
[0 0 5 8] 
[fc5] 



m2co«Sl 2 : I TOI^fflUt. 
[0 0 5 9] CO>*mj&a<0 9 U j»oE»i 

-E» 2 <Ec. -E!2t£Z>&ft&ffi-tzt\t> 5fe(CK^L 

20 n-fe^»4*©a»)T**. ITOS«snt^77 
SfK±£. *r. SSSSft (S^JS~ 1 0" 4 Torr) tc 

=t -a Tsmm ttft tTf&yjt lt<dd d q zmmizg-m 

LT, SB20W«RS: 1 0 Onm^sKL/i. SB 2 (0?rfi818 

e>^&%>mmtftmv>i&m* ^ 1 o « 8 /cm 3 T&^fc. 

£<0JtK:m«K*£JHMSKJ:-3TSB 1 <7)*r«lg|£ 1 0 
1 0 OnmPEjcTS. 

[0060] »snfc*^ic i Toas^iEtc^iAw 

T'XSrHlJjnT-St. 3 VTSmACDnmtfmft. »S5 

# oocd/m 2 rosgsment. cnt4. sbi<z> 

SB 1 on®. 1 5 : x;Ufr>AK 

SB 1 ©WSI : h'X (yy7y-9-7^tUyz^) 
X^> 

SB 2 <7)*rtglg| : 
SB2co«& : I TOK 

Zm^Jtm^Zft-? ft. SB 1 0#fiS^lCt4T»G^t L 

t. Mth^A^H-yLt. »en^3R^dt0i 

•5. 

[0 0 6 1] CCD^^-tC/N'-f TX^epjDL/ii: Z 5. 5 
VTjs«J 5 mA<DMffitfffi.ft. ®g i o 0 0 Cd /m ! CD 

»e«itA«B*snfc. cnii. ss 2 <ow«KT©«3t 
s. 

[0 0 6 2] 014(4. *<D&tZ?kl!&m<r>Gm EL JS^F 

r 05*^:4. ±^ei.T. mi was (mi ) 

50 2 7. SB 1 WtfflR (Ol ) 2 6. SB 3 il (03 
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) 2 5. m4WW«IS (04 ) 2 4. Sf§2(D*r«l8 
(02 ) 2 3. *5cfctf8i2a>Hg (M2 ) 2 2»C«fc08t 
s5Sntl>4. 12£>mS2 2ti, CKOHJgPITfctf^ 
*S1K2 1 IZM&LZiltt I TOI?COiS^«aT35oT. 

<DHisei|£i5]i$-e£-5. 

[0 0 6 3] CCTSl, 12^112 6, 2 3 0'> 
fc< tfc-^fgftSTife*. 13 05^6118 2 5 i!4 

i-TS. « 3 rottflIK 2 5 4«B£T4» : fitB4ff3ti 
182 4 **B6f 9=?fiWV)ls1tmmti&Vl 

t»4 0?W«K©'f^->ffcjt?x>->r;KZ>S*<'hS^a 
*#<7it-5A<. — «IC 0. 1~0. 9C0KH 

(Cifc-5. C €ffi&l8!i. 1 0"~ 1 0 l4 /cm J \Z 

T£. C©t*. *A-f 7X#S£TSfS3roW«l£2 5 £ a? 
[0 0 6 4] 0 1 511 CWHJI^jroELsR^SmBK-r 
1.3!2£>mffi2 7. 2 2rott¥SSt*-€-n^nE,i. 

e«2 35 1 <nmmm2 enmttftwoi, vjlji 
s u^jk essafi^jufc-e-n-enE... Ei . Ect 

U 362ro*rt8ia 2 3(75(ffiS^«U^;k 7xJU5U^ 
>k e^fl/^S^n-etlE,:, E 2 , E C! tLT. 
Eci >Ec: 

Eti>E«z 30 

[0 0 6 5] StSl©fg2 7fi. tt*H*EMl**E 
.i-Eo£0. 5 [eV] ft-5&#£j?!i£LT:fcO, 1 

ntt>5. 12<7)Sffi2 2tt. ftSfK»ESI2A«E»2 -E 
,i^0. 5 [e V] fcS*ff*SIJELTi30. I2fflf 

[0 0 6 6] S3WWIIB2 5©I*ff 7i 

;u= u^Jk es«u^s^n?nE.i, Ej . e cj 40 
e^fi/^j^fn-fnEM, e< . Ec.ti 

T. 

Ec 1 <Eci 
E»« <Ev2 

[0 0 6 7] SI e^ffl^TZWELjS^Wftf^Srlft^ 

ti. si6(a) (i. code Lm^om/t-i rxmo/* 

>FHT«-5>. m4<0^TSI^2 4A^S3<DW8I2 5 



- 2 9 7 0 7 6 

912 2 fCl 1058&2 7»C^LTiEWaJE*Hljtn]-r-5 
<t. Hi 6 (b) JCTF-Tct^JC. Slltf>«g2 7i»6Sl 

OWM2 6ica^*«ax5n. ;©ttAsnttw 

13. 14^1^2 5, 2 4A<MT41SirIiS 
h>*'J >^LTii2<7>W«BS2 3tCffiA$n. 12 03 
tifl!2 3ftTIE?l<!:WS§£LT5Sft-f l£^til2 
eD«^A>£fil2<DW«NB2 3fCSE?U<ttA£n. £ 
<75jE?U<Sii 3 , 1 4 cDW«BI 2 5 . 2 4^Mt5fg 
h >*U >i/LTl 1 (Df«iR2 6 \ZiZ\2 

[0 0 6 8] cromgCTlrJ:*.!:. 

;k$A £ -r setter -3 -c. tt«we^sK»mffiT 

[0 0 6 9] HI 7f±$^,lCgiJCD|IM0tJ<OEL3R^Tfe 

5. C^SS^ti. ±frbM.T. micomiS (Ml ) 3 

6. miammist (01 ) 35, ms^mmm (oz ) 
3 4, 12 ornmm (02 ) 33, fccfctfi2<7>«ffi 

(M2 ) 3 2 IC,£9 8tES;*nT^£. 3i2C75«S3 2 

tt. cro^5S0yTtj/f7ZSffi3 1 (c^s£$nfc 1 to 

1, *2©ff«KK»*n**«BW»-JII=fc-DT^ 
-5. C«)*M«T.i. I2AWII3 3£«J£T£#^ 
#1 3 2 4 «ttjST«#?£«ffifMMI*e*t 

BKT-5fe*«C, l4(0*Tfi8)8j5<*B8;*ftTV>S. 

[0 0 7 0] HI StiCWHSSCTCOELSR^roft-g-MW 
/OHHT»5. Ml. 12©*IR3 5. 3 3V>m% 
t. :neiSl, 12CD«a3 6. 3 2 0Hfltli. 5fe 

[0 0 7 1 ] mi roW&K 35tS3 4)*ttDl 3 4 OR 
T. Eci <Ec 1 aSK^tC*'5C«i:fc. ftW^CTtl^ 
iE-LTSfl3<73#«lg3 4 £1 2 CD^&lgi 3 3 
(DfSJT. E»! -Ecsat/hSHtelCStfnT^S. 

[0 0 7 2] HI 9(a) fi. C romgflajCD&^CO^/'W 
TXl^O«^ttSg«:7n-r/\->KHT*-5. 1 3 W^lg 

3 4<hm2co^e8K3 3 <djmb sn 

-5. miC. 12 05Sffi3 2mt><lEiit£Zrt'( 77.£EP 
SD-r^i, HI 9(b) HTKTi-plC. 11W1S3 6A» 

bSiottS5i3 5tc®^ttAin. rroaA^nt 
e^a<i 3 fflsii 3 4 ti 2 rowwiH 3 3 ^-sms. 

-SB£SLT1 2(^8118 3 3i:h>^EEASn« 
S2CWM3 3fillZ3oZ>iE1ltmi££LT%ft-tZ>. 
?g^til2romjS3 2^6H12C73W«^3 3ICIE?L^ 
ttASn. COTiE7L^12COfl-»IS3 3 tI3 0t«I 
3 4^^SSu-a@$aLTllOW«IIS3 5Kh> 

nssc«jcoEL5!f^t>. %<Dnmm<nEhm=f-tm^k(Dm. 

[0073] to*® 1 7 ross^wiiT. m i ro^iais 3 
5iS3©ttai34 rofisj(c«s=fii§a<»6Jc$nstt 
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kh«st&. ai 8ic#utb2 Do,t5i:!i«. sg 
i. ^2cow«K3 5. 3 3 t. cnstctf-f 5SB 1. 

3!20«ffi36. 3 2 TOSS SUiPJUT SB 3 O^T 
«K3 4fi. Sg2(OW«K3 3 tOTfBlT. Ev^E.jfc 

«S5 3 5 itS3<75#a)S3 4(75PflT(i, E»i-Eci*<tt 

C0 0 7 4] zomutmtiamiz&jz-rtui. mn^T 
x i <o wfigig 3 5 1 is 3 ommm 3 4 om \z a 

^— SSA^ES^n. A*-f 7 XSrSlJnrrstc: 

SI 4*5J:^ai TOELmm&Qm&fttz&M 
m&StW-TZ. ® 1 4<Z>3S^IC:fcUT. 



&Bfl¥4 - 2 9 7 0 7 6 



NC 



EtOOC 



C=CH 



[0 0 7 5] 

[ffce] 



i0 




SI 3 2 5 : x K7->7y*/fy>?> (TCN 

Q) 

[0 0 7 6] 
[ft 7] 




CH = C 



/ 
\ 



CN 



COOEt 



&4<Dftmm2 4 : t- h^J-7y)VnU> (TTF) 
[0 0 7 7] 
[ffc8] 

S> (O) 

:o) 

SS2<£>W»g2 3 : t*tfl/-;P 
[0 0 7 8] 
[ft 9] 





sn 1 wtS2 2 : i Tomtm^tt. 
[00793 zmm&tf^ 1 sn&frzm-rziz^ 

3 o^r&ia «t jg 4 co^^^opfl^a^ft^sgic^o 
ru-s^iji. mn-ftftx^z h)imvf^ff^\ 

W^KWtHe£5j-^-T^ 5 T C N Q tf> C = NSC0tS©l©iR 
WftS (2 2 2 Oca") &mm<Uzmfi^Z (15cm 

-•f§S) ->7 hLTt^cticio. stsssnt. ceo 

i*CD«^»lS(il^S0 0. 3T*5. 
[0 0 8 0] mTftf&zfa-tx'.ZXcDgkO-C&Z. xn 
v*mizj:r) 1 TOIg (->-h{gfitl 0O/cid ! ) 



JO 



40 



0-«Torr) Kck^TSfi 2 1 0 0 nmJgfiSU c 

©±»=H*fcX£JMracj;OSIU<0:tr«Bt*2M, US 
3£>W«J££2nm. $ <=, lc|g 1 CD^«B1$ l 0 0 nmJgBfc 
T5. S^«CSS.^^?£JcJ:oT-y-7Ur7A^S: 1 0 0 
nmffi5prr-5. f#€>n^:^{c I TOeffia«IElC75:£)A-f 
7*£a7flnT5 3 Vfl OmA/cm 2 
n, ®g 1 0 0 0 C d/cm 2 cofg^ff^ft^. 

[oo8i] &3<7)&mm±m4<Dmmm& 

fc^ffc. ^JS^tfsJ^ro^frT^BJcLfeELSI^H. |^ 
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